II. DESIGN AND MODELING
This paper deals with the microstrip transmission line configuration. On one hand, this type of transmission line is rather ubiquitous in almost all the aforementioned devices. On the other, the number of parameters to be correlated within the context of the microstrip transmission line is large enough, preventing consideration of other types of transmission lines such as a stripline or a coplanar waveguide (CPW) in the same paper. Both stripline and CPW will be dealt with in a future study. In this effort our objective was to study the trade-offs between attaining tunability and the effects that a ferroelectric layer embedded between the dielectric substrate and the microstrip line would have upon the overall transmission line heterostructure.
These effects will be evaluated in terms of the changes in the following critical design parameters for the tunable circuits:
( 1) Characteristic impedance and effective dielectric constant of the microstrip, (2) Electric field dependent tunable range of E r and tan8 of the ferroelectric thin film, and (3) biasing method (e.g., unipolar and bipolar).
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The cross section of the multilayered microstrip structure modeled is shown in Fig. 1 one can make the following observations. For a given value of tan_5, the attenuation becomes larger at higher frequencies, and for a given frequency it becomes larger as the value of tan5 increases. Note also that for a given frequency and tan_5 value, the attenuation increases with film thickness. Because of the skin depth effect, more RF field is concentrated in the ferroelectric film at higher frequencies resulting in larger insertion loss. Also, as the value of the grF E increases, the attenuation also increases. This is a consequence of mismatches resulting from the decrease in Z o and the increase in eeff with increasing e r. Note also that as the dielectric losses of the ferroelectric film worsen (i.e., tan5 = 0.1) the attenuation increases dramatically, with respect to those corresponding to tan5 = 0.01 and 0.005. This discrepancy may be attributed to other sources of losses present in real circuits such as impedance mismatches originating from temperature or bias-induced variations of the ferroelectric's dielectric constant, and conductor losses, which becomes more relevant at high frequencies.
In reality the problem is more complicated since it is known that there are spatial variations of the dielectric constant of the ferroelectric film, either intrinsic or bias induced, which were not taken into account in this study. 
